ABSTRACT The effects of 28 days' treatment with captopril or with placebo on renal and pulmonary function were evaluated in nine patients with stable pulmonary heart disease. Captopril (25 mg twice daily) caused a 17% rise in effective renal plasma flow but no change in glomerular filtration rate, resulting in a fall in filtration fraction likely to favour natriuresis. Captopril did not alter FEV,, lung volumes, or arterial oxygen or carbon dioxide tension.
Introduction
Hypoxaemia, with or without carbon dioxide retention, may precipitate the clinical syndrome ofpulmonary heart disease in chronic obstructive lung disease, which is characterised by fluid retention and oedema. Although cardiac output is usually normal or increased,' renal blood flow is reduced2 and the reninangiotensin-aldosterone system may be activated. 3 Treatment with an angiotensin converting enzyme inhibitor may therefore reduce fluid retention during an exacerbation of pulmonary heart disease.
Improvements in forced vital capacity (FVC) and carbon monoxide gas transfer (TLCO) were found in an open study with captopril in patients with chronic obstructive lung disease4; these may be explained by a reduction in "lung water" and improved lung compliance. We have therefore investigated the effects of 28 days' treatment with captopril on renal haemodynamics and pulmonary function in a placebo controlled study in patients with stable pulmonary heart disease.
Methods
We studied nine patients (aged 53-72 years) with advanced chronic obstructive lung disease (mean (SEM) forced expiratory volume in one second (FEV,) Address for reprint requests: Dr R M Oliver, Clinical Pharmacology Group, Southampton General Hospital (Centre Block), Southampton S09 4XY.
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0-87 (0-1 1) litres) and hypoxaemia (mean arterial oxygen tension (Pao2) 7T87 (0.52) kPa) (table 1). All had a history of fluid retention during exacerbation of their pulmonary disease, but had no oedema at the time of study. Other cardiac or renal causes of oedema were excluded on clinical grounds. Patients with renal impairment or recent exacerbation of airflow obstruction were excluded. Diuretic treatment was withdrawn one week before the study, but in three patients had to be restarted before the study because oedema recurred. Patients continued inhaled bronchodilators, oral corticosteroids, and methylxanthine preparations in unchanged doses throughout the study. The study was approved by the local ethical committee and patients gave written informed consent.
The study was randomised, double blind, and crossover in design. Patients received either captopril 25 mg twice daily or placebo for 28 days each. Assessments were performed on day 0, day 28, and day 56. At each visit body weight and supine and erect heart rate and systemic arterial blood pressure were documented. Venous blood was drawn for angiotensin II estimation.5 Radial artery puncture was performed to determine arterial Pao2 and carbon dioxide tension (Paco2) (Radiometer ABL3).
All pulmonary function tests were performed with the subjects seated, 10 minutes after they had received nebulised salbutamol (2-5 mg). The recorded spirometric lung volumes (FEV, and FVC were the best of three observations and were expressed as percentages of predicted values. Alveolar volume (VA) and TLCO were estimated after single breath helium and carbon monoxide inhalation. Transfer coefficient (TLCO/VA = Kco) was also calculated. Lung 513 
Results
All patients had baseline values of effective renal plasma flow below the age related mean' (table 1) . Baseline glomerular filtration rate was relatively well preserved, resulting in an increased filtration fraction. Captopril produced a 17% greater effective renal plasma flow (p < 0 005) and a 17% smaller filtration fraction (p < 0.02) than placebo; glomerular filtration rate was unchanged (table 2) .
Baseline serum angiotensin II was increased in only two patients, neither of whom was receiving maintenance diuretics. All patients showed the anticipated suppression of serum angiotensin II during treatment with captopril (p < 0 005 by comparison with placebo).
No significant change was seen in arterial blood gas tensions or spirometric indices between the study periods (table 2) . TLCO, Kco, RV, and TLC also showed no significant changes (results not shown).
Discussion
Although our patients were clinically stable, in most there was a disproportionate reduction in effective renal plasma flow by comparison with glomerular filtration rate and therefore a high filtration fraction. In a previous study a single dose of captopril given to patients with chronic obstructive lung disease caused no change in effective renal plasma flow or glomerular filtration rate. 8 We have found that 28 days' treatment with captopril produced a small but significant increase in effective renal plasma flow without any change in glomerular filtration rate, resulting in a reduction in filtration fraction. These changes would be expected to promote natriuresis, by reducing sodium and water reabsorption from the proximal convoluted tubule.
Inhibition of angiotensin converting enzyme activity enhances renal sodium excretion in patients with hypertension9 or congestive cardiac failure.'" A single dose of captopril also stimulated natriuresis in salt loaded patients with chronic obstructive lung disease, in the absence of changes in renal haemodynamics,"1 suggesting additional tubular effects of angiotensin converting enzyme inhibition. In patients with chronic obstructive lung disease and compensated pulmonary heart disease, inhibition of angiotensin converting enzyme activity causes sustained changes in renal haemodynamics that are likely to favour natriuresis. The potential for angiotensin converting enzyme inhibitors to prevent salt and water retention during acute exacerbations of hypoxaemia deserves further study.
